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* INVESTIGATION OF INORGANTC SALTS FOR THE PURPOSE OF

USING THEM AS HIOH-TEMPERATURE LUBRICANTS

by

M. M. Fialko and A. 1. Dintseu

In recent years there has been a oharp increase in the requirements with

relation to thermal ana thermo-acid stability of lubricating materials. One

is confronted with the problem of maintaining high lubricating quality and at

the same time creating lubricating materials whioh are capable of functioning

at temperatures up to 600 or 800*C. In order to solve this problem much at-

tention is being given to research in the field of solid lubricants and films

obtained from graphite, molybdenum sulfide, metal oxides [1--3), etc. Pro-

cesses have been developed for thermochemical treutmiont of friction surfaos,

particularly sulfidation, where the ferrous alloys are treated with a mixture

of salts in a bath with high temperatures (4, 5).

Judging by the data from the literature solid lubricants can work in the

air at a temperature close to as high as 400*C. However, there is a require-
II

ment for new liquid lubricating materials which are stable at high temperatures.

The principal advantage of a liquid lubricant lies in the fact that it assures

removal of the heat from the friction surfaces and renewal of the lubricating

material in the area of the friction.

Lubricating oils on the basis of petroleum decompose at temperaturca be-

low 200-C. Element-organic, above all silicon-organic liquids are much more

stable. However, their use also is limited to temperatures up to 300 or

50-0,

S... This project is devoted to the seeking out among fusions of inorganic

* salts liquid lubricating materials Which are capable of working up to 500C.

Inorgapic salts possess high thermal stability, high boi'ling point, and good

heatd-6nduotivity. It is not difficult to pick out salts or their euteotic"
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mixtures stable at 500*0. In the Integral of temperatures 200--500"C in the

liquid state one finds mostly nitrates, nitrides, halides, and bichromates.

One 'may point to the three-component mixture of titrates and nitrites of so-

dium and potassium (nitrate-nitrite mixture) consisting of 53% KNOO3 , 40% NaO2 ,

and 7% by weight of NaNO3 16--81, used as a heat conductor at industrial oe-

;tablishments T9). The properties of Inorganic salts as lubricating materials

,have sbeen little studied. Some isolated reports are known in which informatinn

in to be found regp'ding maisture, corrosion action, and lubricating capacity

of fused salts [10-17). It is Indicated that the corrosive action of fured

salts 4epends on traces of ions of hydrogen which are present in the fusion,

V. Vinogradov C16l notes that in the friction of steel on steel fusions of

.rhodanides behave like petroleum oil with sulfur additions. There are Indi-

cations as to the possibility of the use of phosphates and phosphides as lu-

Sbrioating materials (18, 19].

MTethods 2 Tests The determination of the corrosive action of fused

salts was done in a quartz test tubes (Fig. 1) placed in a thermostat. Into

the tube the salt was put in which
Fig. 1. Quartz test

after its fusion the plates of the
tube for determining

tested metal were fnserted. Puri-
Ii corrosion

or oiied air was blown through the fusion.
II 1-ceotion; 2--air
6' At the end d the test the salt was

1* inlet; 3-air outlet,
washed from the plates with water,

4-extensions forSand the water by alcohol. The
suspension of plates

oorrosion was determined by the change

in the weight of the plates. For the corrosion tests there were chosen the

alloyqi steels E1347, R9X1O, and 12KhN3A and the nickel alloys TseB-1•82R (tYpe.

ilnioonel Kh") and NMZhMts-28-2,5-10, (t W Monel metal).

For evaluating the( of the batch the salt was kept at 20"C
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or~ a 'ye oo the bottom of which water was poured. Threaityhiit

In the dryer amounted to about 90%. The salt before the experiment was dehy-

drateod at 20*0 and a residual pressure of 5 mm on the Hg column. The crystal

hydrates were preliminarily freed from the greater part of the crystallization

water by heating at atmosphe~ric pressure. Afterward the salts were carefully

pulverized, weighed, and placed In the dryer in porcelain boats. The hydro-

soopicity was determined by overweight expressed in weight percentages.

The evaluation of the antiwear properties of the salts was done 0o1 a

four-ball apparatua with balls of the diameter of 12.7 tm'made cf silicon-

molybdenum steel. The salts were ground in a porcelain mortar and dehidrated

at 200*C and residual pressure of 5 mm on the Hg column, and up to the testing

were kept In the dryer.

Resultsaf 2M TestsuIj The salt fusions differ sharply as to corrouive

Iact ion, The least agressive media of the investigated salts were the nitrate.

and the fluorides; the most corrosive were the chlorides and bromides, espe-

cially the chlorides and brom~ides of heavy metals (iodides of heavy metals,

rhodanides, and othediw/n'nst able at 500' were not tested). Fused salts

at 500*C break down asbestos in the course of 5 hours (exceptions., KJ Nat

"IN0)but protect graphite from oxydation by the orzý,gen of the water.

is an important characteristic of lubricating material.

With lengthy preservation of an article with lubrication material corrosion

of the article is possible. The presence of water in the salts leeds to

a sharp increase in the corrosion. The results of the obtainin~g of hydroscop,-

foity of the salts are given in Table 2. The rate of absorption of moisture

the laboratory of the-All-Union Scientific Research Institute for the

Processing of Petroleum and Gas and for the Production of Synthetic Liquid

tFueli un der the direction of V. A. Listov' and V. A. Markov.

STOP HERE
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by the salts decreases with time. The weakly hyg;roscopic salts (fluoride of

lithium, biohromate of potassium) already in the first hours were completely

saturated with moisture, after which the absorption stopped. Salts with

high hygrosoopioity were converted into watery solutions whiol absorb moisture

from the air continuing to increase in volume. It is interesting to note

that the hygromnopioity of of euteotio mixtures approaches that for the most

TABLE 1. Corrosive action of Fused Ralts and Euteotio •ixtures (500". 5 hr).

Chanf in the Weight of the Plates, mg/cM2

Salt or
&I347 R9KIO IrhzMts-28- TsKB- .Ih2KN3A

Euteotio Mixture -

2.5-1-5 O8n
0.

K. Na I NO3 . NOt * -1 0.2 --0.4 +0.1 0 0
KNO, -+ (,t -0.4 +o0.4" 0 0
NaNO, +0 . 0.5 0 0 0
K -o, .O. -0.0. +0,4 0
LINO, +0.2 +0.4 +03 +0.1' --. 4

.g1Cro, 0 0(-0,5)0 .0 -0.3 (+0.2)
. +0.2

K. LI. Na +F 0.3 +0.2 0 -0.0.
LI, Nan F, SO. -0.3 0 0 --1-O,)

(+0.3)
K, LI, Na DCI -0.9 -1.0(-0.1) --0.3 -0,1

(-0.2) .,. -2.6
K. Na, Zn CI -8.5 -6.6(-6) -0.3 0 '(-1.7)(-10) --0.7
K, Li al Br -4.0 -1.7 -0.5 0 -1.0
Cd, K, Nr O Br -8 -01-0.4) -0,2 • .A (-0.4).

(-o0 -,4a 0.

*Here and from here on by the designation of salt system one understands

the lowest-fusible mixture of a given system.

**In the cases where the results obtained in the blowing of %ir through

the salt are considerably different from the results obtained without blowing

the air through, two figures are shown in the table; the first relates to the

experiments with blowing the air and in the remaining cases there is given the

average value of the corrosion.

hygroscopic component. The corresponding data are given in Table 3.

The antifriction properties of salts (Figs. 2-5) are evaluated mainly at

room temperature. The high temperatures ard fusion of the salt influence the

antiwear propex-tiess however, the curves referring to different temperatures
I__W
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TABLE 2. Hygrosoopicity of Some Salts and Their Eutectic Miytures

Salt or Ruteo- Increase in weight, % for

tio Mixture 0.5 hr 1lhr 2 hr 3 hr 44hr

!NO, o.1G 0.23 o.24 0.30 0.30
axOa 0.460 111 1.4 2.3 3.1

NaN ON *.5 2.8 5.5 8.1 I.
K. Na I NOa, NN 1.5 2.9 5.4 8.3 0.9

0601 0.04 0.04 0,04 .00

0o.0 0.10 030 0.10 0.10
'Nap 03 0.42 0.50 0,50 0*.
:KF 2.9 M6 II 15 20
K. LI, No IF 2.4 4.7 8.5 R t0
LI, N I F, 80 0.80 1.4 2.5 3.4 4.8
NCd 003 1., 2.3 3.5 4.5
XCI 0.75 1.5 2.8 4.2 5.1
CdCI, 8.9 17 31. 44 55
ULID 4.9 0.0 15 23 28
Na •g 4.7 5.1 9.0 13 10
K0t 09 1.8 2.5 3.2 3.7

0d.r6 0, 1.1 2.0 3M 4.0CDrK, NaI 3.0 5.9 12 16 21K. ., D 1.4 Z35 3.4 4.8Cd, K, N o I Bir W I . 2.S .

pass close to each other (yib,. 2). The divergence in the results obtained

in the investigation of chloride and bromide of lead and also the euteotic of

K-2 Ia-, and ZnC1 at 20 and 250"C does not go beyond the error of experirment.

Therefore in the graph there is plotted one curve for each of these salts.

Of the number of salts studied the best antiwear properties are possessed by

the chlorides, bromides and tungstate of potassium. For comparison in Fig.

3 there are shown the antiwear properties of the oil MK-8 evaluated undor the

the same conditions. All the chlorides investigated and the bromides surpass

in antiwear properties this petroleum oil.

The data presented show that there exist no ralts which possess all the

necessary properties for lubricating material. The salts with good antiwear

characteristics have high corrosive action, and on the other hand the weakl!

corrosive salts possess poor antiwear properties. The improvement in the
_..L ._

separate c.araoteristics of the salts by mixing them with otherf - is

made difficult by the weak mutual qolubility of the salts and because of the

undesirable interaction between the salts. Nevertheless for determined

conditions of work it is possible to select lubricating materials on

5 r P 'L °..
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T•LE 3. H.vxrYoscovi0ity of Eutectic S•ats and Their ComnBoents

V .%k0 N
0 0 :k

-1. 14 0V r'

CaINOals 21 KCI 5 KCI 5 I.INO, 21 KSO, 0.04
KNO , 0.3 I'CI 35 N&CI. 4.5 N .S Ua 1:I ZliSO 4  0r
t.INa 1211 NaCI SA3 ZiaCI, 211 Li. Nil j NO 22 K. Zia SO4LI LNO, Na& C1 Zn U CI

oili

jU It•,

JL.4

it M 0 M O W aa WIteilpp•a. ,-... . .

Fig. 2. Antiwear properties of nitrates Fig. 3. Antiwear properties of ohio-

1--K-, NaNO3, NO2 at 20* C (powder); rides at ?0*C

2-K-, NaN0 3, NO2 at 250 C (fusion), 1-1iaCl; 2-KCl; 3--K-, Na-, ZnCl;

3-K-, NamO3 , NO2 at 500* C (fusion); 4--FbC1 2 ; 5--MK-8.

4--LiNO at 20* C (powder). Legends (1) diameter of the wear

Legends (1) diameter of wear spot, m- spot, mm

a salt base. For example, in making use of lubricating materials, among them

fusions of salts, in antifrict.on bearings their antiwear properties deter-

mined on a four-ball apparatus, do not have decisive significance. At the

same time there may be grea significance in this c&se in their high thermal.

fstabllty 
,.

Conclusions A study has been made of the corrosive action, hygrosoopic-,

propei 4 y and antiwear property of a number of inorganios e$lts and their mix-

PFTrt.TT-63-1151/1 + 2 6



/ ilr
S- . tures. The nitrates are much leoa

1 corrosive than the chlcrides and

itbromides. By their bygroscopio

U 1 ,, ,,, o quality thnir euteotio mixtures
40 ofto it9

S~come near to being the best hygro-

Fig. 4. Antiwear properties of bromides

scopio component. The best anti-
at 20* C.

wear properties among the salts
1--K-, Li~r; 2--CdB 1r2 1 3-Cd,, K-, NaBr; sui d aehdb h h oi e

4--3br 2 .
and bromides, waich exceed in thisLegend:. (1) diameter of wear spot, - h i K8

• respect the mineral oil. MK--8.
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